Several synthetic floral lures have been described for the cetoniin scarabs Cetonia aurata aurata L. and Potosia cuprea Fabr. (Coleoptera, Scarabaeidae), exploiting their olfaction-guided behavioural preference for a wide range of flower volatiles.
and Asia (Chen and Li, 2011) . In China, for example, Protaetia (Potosia) brevitarsis Lewis feeds on sweetcorn, causing serious economic damage (Chen and Li, 2011) . Advances in the evaluation of economic importance of cetoniins is partly due to the new trapping tools becoming available for several pest species (Vuts et al., 2010a; Vuts et al., 2010b) .
Beyond their agricultural importance, even human medicinal aspects of the Cetoniinae have emerged recently (Lee et al., 2014) . In Korea, larvae of P. brevitarsis, used as a traditional oral medicine to treat various liver diseases, are at present under investigation to identify novel bioactive substances that can be exploited as therapeutics (Lee et al., 2014) .
In the present circumstances in agriculture it seems advantageous to develop trap/ bait combinations more powerful and selective based on the knowledge already available to achieve tools more efficient for monitoring or mass trapping purposes of different cetoniin species starting from the moderately selective trap/bait combinations already available (Vuts et al., 2010a) . The development of new attractants and the improvement of available combinations for cetoniins in general is especially important, as their chemical control during the generative phenology stages of the crop, such as flowering, fruit setting and ripening, is restricted if possible at all (Vuts et al., 2010b) .
There are substantial differences in the bouquet of flowers visited by cetoniin chafers, with significant variation even within individuals of the same plant species depending on environmental conditions and the phenotype of the plant (Knudsen et al., 2006) . Cetoniin scarabs respond to a wide range of floral compounds, according to earlier findings in South Africa (Donaldson et al., 1990) . Synthetic floral blends were optimised in Europe for C. a. aurata and P. cuprea Tóth et al., 2005; Vuts et al., 2010b) , Epicometis hirta Poda Tóth et al., 2004; Vuts et al., 2010c) , Oxythyrea funesta Poda (Vuts et al., 2008) and Oxythyrea cinctella Poda (Vuts et al., 2012) (Coleoptera, Scarabaeidae, Cetoniinae) .
In Hungary and neighbouring countries, C. a. aurata and P. cuprea rank among the most destructive horticultural pests in peach orchards and plantations of related fruit trees . Exploring new attractant combinations and studying the replaceability of components could lead to more effective and selective lures for these two species, and may also lead to the discovery of attractants for other chafers. In addition, such studies would assist in more in-depth understanding of the host plant-related chemical ecology of cetoniin chafers, thereby contributing to the prevention of unwanted catches of economically irrelevant, non-target, non-harmful, less abundant or even protected scarabs or other insect taxa, especially in environments where such encounters have higher probability. Also, prevention of unwanted catches helps maintain the capture capacity of traps longer.
Thus, our first objective was to test whether the isomers isoeugenol and eugenol can substitute 3-methyl eugenol in its known blend with 1-phenylethanol and (E)-anethol or change the range of cetoniin species attracted. This ternary mixture, the components of which are ubiquitous floral volatiles (Knudsen et al., 2006) , proved to be attractive for adults of both C. a. aurata and P. cuprea . Although the addition of (±)-lavandulol increases C. a. aurata and P. cuprea catches (Vuts et al., 2010b) , we chose the simpler ternary combination to measure the effect of replacing one component, as we expected more apparent differences when a smaller number of components are involved.
Our second objective was to develop simpler binary attractant combinations for cetoniin chafers by field-testing a number of floral compounds. Since there had been some evidence for the attraction of C. a. aurata and P. cuprea to 2-phenylethanol , this compound was used as a basis to which to add other floral compounds singly.
Materials and Methods

Bait dispensers
Polyethylene sachet dispensers (Imrei and Tóth, 2002) were prepared by putting a 1 cm piece of dental roll into a tight polyethylene bag (1.5×1.5 cm, wall thickness: 0.02 mm). Dispensers were wrapped in aluminium foil and stored at -30 °C until use. Chemicals used were obtained from Sigma-Aldrich Kft. (Budapest, Hungary) and were >95% pure as stated by the supplier, which were the following: 1,2,4-trimethoxybenzene, 1-phenylethanol, 2-phenylethanol, 3-methyl eugenol, 4-methoxyphenethyl alcohol, 4-oxoisophorone, (E)-anethol, eugenol, benzaldehyde, benzyl acetate, benzyl alcohol, isoeugenol, isosafrol, methyl salicylate.
Traps
In the tests, CSALOMON ® VARb3 modified funnel traps (produced by Plant Protection Institute, CAR HAS, Budapest, Hungary) were used Schmera et al., 2004) . Photos of the traps can be viewed at www.csalomontraps.com. C. a. aurata and P. cuprea showed only weak colour sensitivity in previous tests .
Experimental sites
Experiments were conducted at Budapest (Hungary) in a bushy area with mostly wild rose (Rosa canina L.) and hawthorn (Crataegus spp.), from the 24 th June to the 11 th July 2016. Traps within a replicate were set up ca 10 m apart in a randomized complete block design. Traps were inspected twice weekly, and captured scarabs were identified, recorded and removed. Experiment 1. All three compounds, i.e., 1-phenylethanol, (E)-anethol and either 3-methyl-eugenol, eugenol or isoeugenol as a third component (200 µl each as neat), were loaded into the same single dispenser. Traps with blue upper funnels were used, as both species could be trapped in large numbers in blue traps baited with the known floral lure Vuts et al., 2010b) . Four replicates of each trap/bait combination were set up, including chemically unbaited control traps, with blue coloured upper part.
Experiment 2. Test compounds were loaded (200 µl each as neat) in separate dispensers. Traps with fluorescent yellow upper funnels were used, as such traps baited with the known floral lure were also efficient in previous studies for the capture of both studied and other cetoniin species . Three replicates of each trap/bait combinations were set up including chemically unbaited control traps, with yellow coloured upper part.
Statistics
Statistical analyses were conducted by the software packages StatView® v4.01 and Super ANOVA® v1.11 (Abacus Concepts Inc., Berkeley, CA). As even transformed data did not meet the assumptions of a parametric test, the non-parametric Kruskal-Wallis test was used. When the Kruskal-Wallis test indicated significant differences, pairwise comparisons by Mann-Whitney U test were conducted.
Results
Experiment 1. All baited treatments caught significantly more C. a. aurata and P. cuprea than unbaited control traps. Catches of both species in traps baited with the ternary blend containing 3-methyl eugenol were significantly higher than those with the other ternary combinations containing eugenol or isoeugenol ( Fig. 1) .
Experiment 2. Significantly more C. a. aurata catches were recorded with binary combinations of 2-phenylethanol with isosafrol or 4-methoxyphenethyl alcohol than unbaited or only 2-phenylethanol-baited traps, which caught none or negligible numbers ( Fig. 2) . Catches with the binary combination of 2-phenylethanol and 4-methoxyphenethyl alcohol were much higher than with all other treatments, where only occasional or no catches at all were recorded.
As for P. cuprea, catches with 2-phenylethanol and 1,2,4-trimethoxybenzene or with 4-methoxyphenethyl alcohol were significantly higher than with all other treatments (Fig. 2) . The binary combinations of 2-phenylethanol with methyl salicylate or 4-oxoisophorone caught significantly more P. cuprea than unbaited control and 2-phenylethanol-baited traps. There were negligible catches in the other treatments or the control. The ratio of P. cuprea in traps baited with the combination of 2-phenylethanol and 1,2,4-trimethoxybenzene was significantly higher than that in 2-phenylethanol and 4-methoxyphenethyl alcohol-baited traps (Fig. 3) , despite the bigger P. cuprea catches in absolute numbers in the latter treatment (Fig. 2 ).
Discussion
Interchangeability of floral compounds with related chemical structures
According to our present findings, despite the similarities in molecular structure, neither eugenol nor isoeugenol can replace 3-methyl eugenol in the ternary blend to reach the same level of attraction of C. a. aurata and P. cuprea (Fig. 1, Exp. 1) . The results Based on the present work, it is not possible to determine the relative importance of the less active eugenol or isoeugenol in the attraction of C. a. aurata and P. cuprea, similarly to earlier studies by Tóth et al. (2003) . Here, significantly more C. a. aurata and P. cuprea were attracted to eugenol in mixtures with geraniol and phenethyl propionate compared to the theoretical zero catch, whereas eugenol alone showed only a very weak attraction to P. cuprea. Consequently, from the practical viewpoint, 3-methyl eugenol should not be replaced by eugenol or isoeugenol. Lampman and Metcalf (1987) found that eugenol cannot be replaced with 3-methyl eugenol to attract Diabrotica barberi Smith and Lawrence (Coleoptera: Chrysomelidae). The behavioural response of the beetle indicated that it is more tuned to eugenol, as traps baited with this compound caught 3 times more adults than 3-methyl eugenol-baited ones.
However, Lampman and Metcalf (1987) also described an example of replaceability, where a three-component mixture of veratrole, indole and phenylacetaldehyde, suitable to attract Diabrotica undecimpunctata howardi Barber (Coleoptera: Chrysomelidae), was compared to another three-component mixture of chemically related compounds. In the latter mixture, 1,2,4-trimethoxybenzene substituted veratrole (syn.: 1,2-dimethoxybenzene), (E)-cinnamic aldehyde substituted phenylacetaldehyde (differing in one carbon length with a double bond), while indole was the third, common constituent in both combinations. The results showed that both mixtures exhibited similar attractiveness for D. undecimpunctata adults, as well as for other Diabrotica species. 
New attractant combinations
In experiment 2, two new binary floral attractant combinations were found for C. a. aurata, of which 2-phenylethanol plus 4-methoxyphenethyl alcohol was superior to 2-phenylethanol plus isosafrol (Fig. 2) . Four new binary floral attractant combinations of 2-phenylethanol with 1,2,4-trimethoxybenzene, methyl salicylate, 4-oxoisosporone and 4-methoxyphenethyl alcohol were identified for P. cuprea, the first and last being superior to the other two.
In South Africa, Donaldson et al. (1990) found that more than half of the 69 floral compounds tested showed significant attraction to cetoniin chafers, which suggests that they (including the species studied in the present research) may respond to a relatively large array of floral volatiles. This hypothesis is supported by the results of Experiment 2.
Similarities and differences in responses to floral compounds of C. a. aurata and P. cuprea
On the one hand, the present results show similarities in attraction to floral compounds of C. a. aurata and P. cuprea (Experiment 1). Furthermore, in Experiment 2, the combination of 2-phenylethanol and 4-methoxyphenethyl alcohol similarly attracted both chafer species, which also gave similar positive behavioural response in tendency to the combinations of 2-phenylethanol with methyl salicylate and 4-oxoisophorone, and lacked the behavioural response to 2-phenylethanol alone.
On the other hand, we found significant differences in the responses of the two cetoniin species, P. cuprea showing strong attraction to the combination of 2-phenylethanol with 1,2,4-trimethoxybenzene, whereas C. a. aurata did not (Fig. 2) . The ratio of P. cuprea to C. a. aurata in traps baited with the above binary combination was greater as compared to the same ratio in traps containing 2-phenylethanol and 4-methoxyphenethyl alcohol as a lure which, however, caught the highest absolute numbers of both chafer species (Fig. 3) . On the contrary, the combination of 2-phenylethanol with isosafrol elicited significant attraction only from C. a. aurata, but not from P. cuprea (Fig. 2) . The P. cuprea ratio in this latter treatment was similar to that in the treatment with 2-phenylethanol and 4-methoxyphenethyl alcohol (Fig. 3) .
Another floral compound, geraniol, elicited stronger attraction from P. cuprea than from C. a. aurata. Consequently, different combinations of geraniol (Vuts et al., 2010b) and 1,2,4-trimethoxybenzene (present study) could lead to a more selective bait for P. cuprea. There is also an opportunity to develop more selective floral-based lures for C. a. aurata by combining compounds eliciting a more specific response, such as phenylacetaldehyde and isosafrol (present study).
Occurrence of the new attractant components in plants and their role in insect chemical communication
Both C. a. aurata and P. cuprea feed on the generative parts of a wide range of species mostly within the Rosaceae. Listing floral compounds produced by these plant families may help to understand the response to host plants from a chemical communication point of view (Table 1) .
3-Methyl eugenol, eugenol, isoeugenol
All three eugenol-type floral compounds are widespread in many plant families, with largely overlapping occurrence (Knudsen et al., 2006) . The significant positive response of C. a. aurata and P. cuprea to 3-methyl eugenol could be because this compound indicates the general presence of host plants, without any specificity to plant taxa.
4-Methoxyphenethyl alcohol
Similarly to the present results, Vuts et al. (2010c) showed a significant increase of E. hirta catches as a result of the addition of 4-methoxyphenethyl alcohol to the binary attractant combination of (E)-cinnamyl alcohol and (E)-anethol. Interestingly, 4-methoxyphenethyl alcohol was only described in a few plant families not represented by indigenous species within Europe (Table 1) .
Methyl salicylate
Methyl salicylate is a widespread floral constituent present in several insect-pollinated plant families (Table 1 ). In the present study, methyl salicylate in combination with 2-phenylethanol elicited significant attraction from P. cuprea, but not from C. a. aurata (occasional catches only), despite being one of the most EAG-active compounds in (Vuts et al., 2010b) , although with no field activity (Vuts et al., 2008) . Similarly, methyl salicylate evoked large EAG responses in a related species, O. funesta, without significant field effect (Vuts et al., 2010c) . Methyl salicylate is a widespread floral constituent present in several insect-pollinated plant families (Table 1) .
On the other hand, females of the coffee berry borer, Hypothenemus hampei (Ferrari) (Coleoptera: Scolytidae) and its two parasitoids Prorops nasuta Waterstone and Phymastichus coffea (LaSalle) (Hymenoptera: Bethylidae), were attracted to methyl salicylate in olfactometer bioassays (Cruz-Lopez et al., 2016) . Gencer et al. (2017) showed that bi- 
1,2,4-Trimethoxybenzene
A new floral attractant discovered in the present study, enhancing catches of P. cuprea but not C. a. aurata, which is produced by many plant families including several present in Europe (Table 1) . 1,2,4-Trimethoxybenzene in combination with indole and (E)-cinnamaldehyde is a known attractant of several Luperini spp. (Chrysomelidae), including the western striped cucumber beetle, Acalymma trivittaum F., the spotted cucumber beetle, D. undecimpunctata howardi Barber and the western corn rootworm, D. virgifera virgifera LeConte (Lampman and Metcalf, 1987; Hoffmann et al., 1996; Andrews et al., 2007) .
Isosafrol
It occurs in minute quantities in herbal oils (Table 1 ). In the present study, in combination with 2-phenylethanol it evoked significant attraction of C. a. aurata, but not P. cuprea. Huang et al. (1999) showed a strong feeding deterrent effect of isosafrol on Sitophilus zeamais Motschulsky (Coleoptera: Curculionidae). Donaldson et al. (1990) found isosafrol to be one of the most attractive compounds tested for Cetoniinae species, such as Oxythyrea spp., Clinteroides permutans (Burmeister) and Plaesiorrhina reeurva plana (Wiedemann).
4-Oxoisophorone
The combination of 2-phenylethanol and 4-oxoisophorone had a significant attractant effect on P. cuprea only. 4-Oxoisophorone, despite being less common in plants, occurs in a number of plant families native to Europe (Table 1 ). The blend of 4-oxoisophorone and phenylacetaldehyde was found to be attractive to the orange mint moth, Pyrausta orphisalis Walker, and to the false celery leaftier moth, Udea profundalis Packard (Lepidoptera: Crambidae) (Landolt et al., 2014) .
